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ELECTRODE STRUCTURE, PROCESS FOR FABRICATING ELECTRODE 
STRUCTURE AND SEMICONDUCTOR LIGHT -EMITTING DEVICE 



BACKGROUND OF THE INVENTION 
The present invention relates to an electrode 
structure, a process for fabricating the electrode 
structure and a semiconductor light-emitting device, more 
specifically an electrode structure having a parasitic 
capacity reduced with respect to a lower layer, a process 
for fabricating the electrode structure and a semiconductor 
light-emitting device. 

These days, optical communication using semiconductor 
lasers, which enable high-speed and large-capacity 
information transmission, having been noted. A 
semiconductor laser generally has a structure including 
electrodes formed respectively on the upper sides and the 
back sides of the devices. Bonding pads are connected to 
the electrodes on the upper sides, and bonding wires are 
connected to the bonding pads. Modulation signals are 
supplied to the modulator region of the semiconductor 
laser. 

Recently, further increase of the communication speed 
is required to meet larger capacities for information 
processing amounts. For higher communication speed it is 
necessary to use signal of radio-frequencies as the 
modulation signals. 



However, in order that the modulation signals further 
have radio- frequencies, parasitic capacities between the 
bonding pads and the lower layer must be decreased. Delays 
in rises and falls of waveforms are caused corresponding to 
parasitic capacities between the bonding pads and the lower 
layer. In a case that the modulation signals have 
radio- frequencies, response delays due to parasitic 
capacities between the bonding pads and the lower layer 
become unnegligible. 

In order to decrease parasitic capacities between the 
bonding pads and the lower layer it is proposed that the 
bonding pads have small areas. The bonding pads have small 
areas, whereby parasitic capacities between the bonding 
pads and the lower layer can be small. 

However, there is a limitation to decreasing the 
bonding pad area. That is, the bonding pads requires a 
certain area for the bonding wires to be jointed to the 
bonding pads. When an area for the bonding is taken into 
account, the bonding pads cannot be made smaller than a 
certain area. Resultantly, parasitic capacities between 
the bonding pads and the lower layer cannot be decreased to 
about 1 pF. In a case of 1 pF, a modulation frequency 
could be increased to only about 2.5 GHz. Recently, the 
modulation speed is required to be increased to about 10 
GHz. However, the modulation speed increase to about 10 
GHz cannot be attained by decreasing the bonding pad area. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electrode structure which enables decrease of parasitic 
capacities with respect to a lower layer, a process for 
fabricating the electrode structure and a semiconductor 
light-emitting device using radio- f requencies . 

In order to make a parasitic capacity between the 
bonding pads and a lower layer small it is proposed that a 
thick insulation film is formed below the bonding pads. 

However, in a case that silicon oxide film or others 
is formed thick below the bonding pads, the silicon oxide 
film or others is broken due to a force applied upon the 
bonding, and the bonding pad peel off, 

Then, it is proposed that polyimide layer, which is 
not broken easily even by a strong force and can be formed 
thick is formed below the bonding pads. It is considered 
that the polyimide layer will not be broken by impacts 
applied upon the bonding because polyimide is a material 
having high flexibility. A semiconductor laser including 
a polyimide layer formed thick below the bonding pads will 
be explained with reference to FIG. 14. 

As shown in FIG. 14, a silicon nitride film 134 is 
formed on a substrate 110. A thick polyimide layer 136 is 
formed on the silicon nitride film 134. A silicon nitride 
film 138 is formed on the upper surface and the side 
surface of the polyimide layer 136. 
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In the semiconductor laser shown in FIG, 14, the 
silicon nitride films 134, 138 cover the backside surface, 
the side surface and the upper surface of the polyimide 
layer 136 because the polyimide layer 136 has low adhesion 
to the lower layer and has high hygroscopicity • In the 
semiconductor laser shown in FIG. 14, the polyimide layer 
136 has the back side surface, and side surface and the 
upper surface covered with the silicon nitride films 134, 
138, whereby the polyimide layer 136 can have good adhesion 
to the lower layer, and the polyimide layer 136 can be 
prohibited from absorbing water. A bonding pad 124 is 
formed on the silicon nitride film 138, 

However, in a case that the polyimide layer 136 is 
formed below the bonding pad 124 as shown in FIG. 14, the 
polyimide layer 136 is distorted due to an impact which is 
as large as, e.g., 500 kg/cm^ applied to the polyimide layer 
136 upon the bonding. The silicon nitride film 138 is 
accordingly broken. Good adhesion cannot be obtained any 
more between the broken silicon nitride film 138 and the 
bonding pad 124. As a result, the bonding pad 124 peels 
off the silicon nitride film 138. Thus, simply forming the 
thick polyimide layer 136 below the bonding pad 124 cannot 
make the semiconductor laser reliable. 

Then, the inventors of the present application made 
earnest studies and have obtained an idea of art that the 
polyimide layer formed thick can stand impacts applied upon 
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the bonding. 

The above-described object is achieved by an electrode 
structure including a conductive film formed on a base 
substrate through an insulation film, the insulation film 
comprising a plurality of poles of polyimide, a first film 
formed on side surfaces of the poles and formed of an 
insulation material having a higher hardness than 
polyimide, and a second film of polyimide buried among said 
a plurality of poles with the first film formed on the side 
surfaces thereof. Because of the first film of an 
insulation material having high hardness formed on the side 
surfaces of the poles of polyimide, even when a strong 
force is applied upon the bonding, the poles are prevented 
from being distorted, and the conductive film is protected 
from peeling off. Because of the thick polyimide layer 
below the conductive film, a parasitic capacity between the 
conductive film and the lower layer can be small, whereby 
radio- frequency signals can be used. 

The above-described object is achieved by an electrode 
structure including a conductive film formed on a base 
substrate through an insulation film, the insulation film 
comprising a first film of polyimide having a plurality of 
openings which reach the base substrate, a second film 
formed on inside walls of the openings and formed of an 
insulation material having a higher hardness than 
polyimide, and a plurality of poles of polyimide buried in 
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the openings with the second film formed on the inside 
walls thereof. Because of the second film of an insulation 
material of a high hardness is formed on the inside walls 
of the openings formed in the first film of polyimide, even 
when a strong force is applied upon the bonding, the first 
film are prevented from being distorted, and the conductive 
film is protected from peeling off. Because of the thick 
polyimide layer below the conductive film, a parasitic 
capacity between the conductive film and the lower layer 
can be small, whereby radio- frequency signals can be used. 

The above-described object is achieved by a 
semiconductor light-emitting device having an electrode 
structure including a conductive film formed on a base 
substrate through an insulation film, the insulation film 
comprising a plurality of poles of polyimide, a first film 
formed on side surfaces of the poles and formed of an 
insulation material having a higher hardness than 
polyimide, and a second film of polyimide buried among said 
a plurality of poles with the first film formed on side 
surfaces thereof* Because of the first film of an 
insulation material of a high hardness formed on the side 
surfaces of the poles of polyimide, even when a strong 
force is applied upon the bonding, the poles are prevented 
from being distorted, and the conductive film is protected 
from peeling off. Because of the thick polyimide layer 
below the conductive film, a parasitic capacity between the 
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conductive film and the lower layer can be small, whereby 
radio- frequency signals can be used. 

The above-described object is achieved by a 
semiconductor light-emitting device having an electrode 
structure including a conductive film formed on a base 
substrate through an insulation film, the insulation film 
comprising a first film of polyimide having a plurality of 
openings which reach the base substrate, a second film 
formed on inside walls of the openings and formed of an 
insulation material having a higher hardness than 
polyimide, and a plurality of poles of polyimide buried in 
the openings with the second film formed on the inside 
walls thereof* Because of the second film of an insulation 
material of a high hardness formed on the inside walls of 
the openings formed in the first film of polyimide, even 
when a strong force is applied upon the bonding, the first 
film is prevented from being distorted, and the conductive 
film is protected from peeling off. Because of the thick 
polyimide layer below the conductive film, a parasitic 
capacity between the conductive film and the lower layer 
can be small, whereby radio- frequency signals can be used. 

The above-described object is achieved by a process 
for fabricating an electrode structure including a step of 
forming an insulation film on a base substrate, and a step 
of forming a conductive film on the insulation film, the 
step of forming the insulation film comprising a step of 
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forming a plurality of poles of polyimide on -the base 
substrate, a step of forming on side surface of the poles 
a first film of an insulation material having a higher 
hardness than polyimide, and a step of burying a second 
film of polyimide among the first film* Because of the 
first film of an insulation material having high hardness 
formed on the side surfaces of the poles of polyimide, even 
when a strong force is applied upon the bonding, the poles 
are prevented from being distorted, and the conductive film 
is protected from peeling off. Because of the thick 
polyimide layer below the conductive film, a parasitic 
capacity between the conductive film and the lower layer 
can be small, whereby radio-frequency signals can be used. 

The above-described object is achieved by a process 
for fabricating an electrode structure including a step of 
forming an insulation film on a base substrate and a step 
of forming a conductive film on the insulation film, the 
step of forming the insulation film comprising a step of 
forming on a base substrate a first film of polyimide 
having a plurality of openings which reach the base 
substrate, a second step of forming on inside walls of the 
openings a second film of an insulation material having a 
higher hardness than polyimide, and a step of forming a 
plurality of poles of polyimide buried in the openings with 
the second film formed on the inside walls thereof. 
Because of the second film of an insulation material of 
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high hardness is formed on the inside walls of the openings 
formed in the first film of polyimide, even when a strong 
force is applied upon the bonding, the poles are prevented 
from being distorted, and the conductive film is protected 
from peeling off. Because of the thick polyimide layer 
below the conductive film, a parasitic capacity between the 
conductive film and the lower layer can be small, whereby 
radio- frequency signals can be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of the semiconductor 

light -emit ting device according to a first embodiment of 

the present invention. 

FIG. 2A is a sectional view of the semiconductor 

light-emitting device according to the first embodiment of 

the present invention, which shows a vicinity of the 

bonding pad • 

FIG. 2B is a plan view of the semiconductor light- 
emitting device according to the first embodiment of the 
present invention, which shows a vicinity of the bonding 
pad. 

FIG. 3A and 3B are sectional views of the 
semiconductor light-emitting device according to the first 
embodiment of the present invention in the steps of the 
process for fabricating the same, which show the process 
(Part 1). 
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FIG. 4A and 4B are sect:ional views of "the 
semiconduc-tor light-emitting device according to the first 
embodiment of the present invention in the steps of the 
process for fabricating the same, which show the process 
( Part 2 ) . 

FIG, 5 is a sectional view of the semiconductor light- 
emitting device according to the first embodiment of the 
present invention in the steps of the process for 
fabricating the same, which shows the process (Part 3). 

FIG. 6 A is a sectional view of the semiconductor 
light-emitting device according to a first modification of 
the first embodiment of the present invention, which shows 
a vicinity of the bonding pad. 

FIG. 6B is a plan view of the semiconductor light- 
emitting device according to a first modification of the 
first embodiment of the present invention, which shows a 
vicinity of the bonding pad. 

FIG. 7A is a sectional view of the semiconductor 
light-emitting device according to a second modification of 
the first embodiment of the present invention, which shows 
a vicinity of the bonding pad. 

FIG. 7B is a plan view of the semiconductor light- 
emitting device according to a second modification of the 
first embodiment of the present invention, which shows a 
vicinity of the bonding pad. 

FIG. 8A is a sectional view of the semiconductor 
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light-emitting device according to the second embodiment of 
the present invention, which shows a vicinity of the 
bonding pad* 

FIG. 8B is a plan view of the semiconductor light- 
emitting device according to the second embodiment of the 
present invention, which shows a vicinity of the bonding 
pad* 

FIG* 9A and 9B are sectional views of the 
semiconductor light-emitting device according to the second 
embodiment of the present invention in the steps of the 
process for fabricating the same, which show the process 
( Part 1 ) * 

FIG. lOA and lOB are sectional views of the 
semiconductor light-emitting device according to the second 
embodiment of the present invention in the steps of the 
process for fabricating the same, which show the process 
( Part 2 ) . 

FIG. 11 is sectional views of the semiconductor light- 
emitting device according to the second embodiment of the 
present invention in the steps of the process for 
fabricating the same, which shows the process (Part 3). 

FIG* 12A is a sectional view of the semiconductor 
light-emitting device according to a first modification of 
the second embodiment of the present invention, which shows 
a vicinity of the bonding pad* 

FIG. 12B is a plan view of the semiconductor light- 
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emitting device according to a first modification of the 
second embodiment of the present invention, which shows a 
vicinity of the bonding pad. 

FIG. 13 is a plan view of the semiconductor light- 
emitting device according to a second modification of the 
second embodiment of the present invention, which shows a 
vicinity of the bonding pad. 

FIG. 14 is a conceptual view showing distortion of the 
polyimide layer upon the bonding. 

DETAILED DESCRIPTION OF THE INVENTION 
[A First Embodiment] 

The semiconductor light-emitting device according to 
a first embodiment of the present invention will be 
explained with reference to FIGs. 1 to 5 . FIG. 1 is a 
perspective view of the semiconductor light-emitting device 
according to the present embodiment. FIG. 2A is a 
sectional view of a vicinity of bonding pad, specifically 
along the line A-A' in FIG. 1. FIG. 2B is a plan view of 
the vicinity of the bonding pad. In FIG. 2B some 
constituent members are not shown. FIGs. 3A to 5 show 
sectional views of the semiconductor light-emitting device 
according to the present embodiment, which show the process 
for fabricating the semiconductor light-emitting device. 
(Semiconductor Light-emitting Device) 

First, the semiconductor light-emitting device 
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according to the present embodiment will be explained with 
reference to FIG. 1. In the present embodiment, the 
present invention is applied to a light-emitting device, 
but the present invention is applicable not only to 
semiconductor light-emitting devices, but also widely to 
all semiconductor devices in which strong forces are 
applied to the electrodes, such as the bonding pads, etc., 
when bonded. 

As shown in FIG. 1, a guide layer 12 is formed on a 
substrate 10 of InP. An MQW light absorption layer 14a and 
a MQW active layer 14b are formed on the guide layer 12 . 
A clad layer 16 is formed on the MQW light absorption layer 
14a and the MQW active layer 14b. A clad layer 17 is 
formed on the clad layer 16. A cap layer 18a, 18b is 
formed on the clad layer 17. The cap layer 18a, 18b is 
absent in an isolation region 22 and isolated from each 
other in the isolation region 22. An electrode 8 of an 
Au/Ge/Au film is formed on the back side of the substrate 
10. 

The cap layer 18a, 18b, the clad layers 17, 16, the 
MQW active layer 14b, the MQW light absorption layer 14a, 
the guide layer 12 and the substrate 10 are mesa-etched, 
and a mesa- shaped waveguide is formed. A high-resistance 
buried layer 30 of InP is formed on both sides of the 
mesa-shaped waveguide. 

A silicon oxide film 32 is formed on the 
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high-resistance buried layer 30. The silicon oxide film 32 
is formed also on the clad layer 17 in the isolation region 
22, 

Electrodes 24a, 24b of an Au/Pt/Ti film are formed 
respectively on the cap layer 18a, 18b. The electrodes 
24a, 24b are absent in the isolation region 22. 
Accordingly, a modulator region 26 and a DFB (Distributed 
FeedBack) laser region 28 are electrically isolated from 
each other by the isolation region 22. 

In the modulator region 26 there are formed polyimide 
layers 36, 40 and a silicon nitride film 38 which will be 
described later. A bonding pad 24c is formed on the 
polyimide layers 36, 40 and the silicon nitride film 38. 
The bonding pad 24c is connected to the electrode 24a. 
Because of the polyimide layer 36, etc., which are formed 
thick, a parasitic capacity between the bonding pad 24c and 
the lower layer can be small, which allows modulation 
radio- frequencies to be used. 

In the DFB laser region 28, a bonding pad 24d is 
formed on the silicon oxide film 32. The bonding pad 24d 
is connected to the electrode 24b. No radio- frequency 
signal is used in the DFB laser region 28, and it is not 
necessary to consider a parasitic capacity between the 
bonding pad 24d and the lower layer. 

Then, a structure of the vicinity of the bonding pad 
24c of the modulate region 26 will be explained with 
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reference to FIG. 2. FIG* 2A is a sectional view of the 
vicinity of the bonding pad 24c and specifically a 
sectional view of the vicinity along the line A-A^ in FIG. 
1. FIG. 2B is a plan view of the vicinity of the bonding 
pad 24c. 

As shown in FIG. 2A, the high-resistance buried layer 
30 is formed on the substrate 10. A 300 nm-thickness 
silicon oxide film 32 is formed on the high-resistance 
buried layer 30. A 200 nm-thickness silicon nitride film 
34 is formed on the silicon oxide film 32. 

The polyimide layer 36 is formed in a plurality of 
cylindrical patterns on the silicon nitride film 34. The 
cylindrical polyimide layer 36 may have, e.g., a 2 
pm-height. In the present embodiment the polyimide layer 
36 is used because the polyimide layer 36 is not damaged by 
impacts of the bonding, etc. because of its high 
flexibility. In a case that a layer, as of silicon oxide 
film or others, having low flexibility is formed thick 
below the bonding pad 24c, the silicon oxide film or others 
is damaged by impacts of the bonding because of its low 
flexibility. 

The silicon nitride film 34 is formed in a 300 
nm-thickness on the entire surface of the silicon nitride 
film 34 with the polyimide layer 36 formed in a plurality 
of cylindrical patterns formed on. The silicon nitride 
film 38 is formed on the sides of the cylindrical patterns 
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of the polyimide layer 36. The silicon ni-tride film 38, 
the hardness of which is higher than that of polyimide, can 
keep the polyimide layer 36 from being distorted even when 
a strong force is applied to the bonding pad 24c by the 
bonding • The silicon nitride film 38, the hardness of 
which is high, is formed to be as thin as 300 nm and is 
never damaged by impacts of the bonding. 

The polyimide layer 40 is further formed on the 
silicon nitride film 38. The polyimide layer 40 is as thin 
as, e.g., about 100 nm above the cylindrical polyimide 
layer 36. A silicon nitride film 42 is formed on the 
entire surface of the polyimide layer 40, and the bonding 
pad 24c is formed on the silicon nitride film 42. 

As described above, according to the present 
embodiment , the silicon nitride film 38 , the hardness of 
which is high, is formed on the sides of the polyimide 
layer 36 formed in a plurality of cylindrical patterns can 
prevent the polyimide layer 36 from being distorted even 
when a strong force is applied to the bonding pad 24c upon 
the bonding. Because of the polyimide layers 36, 40 formed 
thick below the bonding pad 24c, a parasitic capacity 
between the bonding pad 24c and the lower layer can be 
small, which permits modulation radio- frequencies to be 
used, whereby according to the present embodiment, a 
semiconductor light-emitting device using modulation 
radio- frequencies can be provided. 
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(Process for Fabricating the Semiconductor Light- 
emitting Device) 

Then, the process for fabricating the semiconductor 
light-emitting device according to the present embodiment 
will be explained with reference to FIGs. 3A to 5. 

First, the guide layer 12, the MQW light absorption 
layer 14a, the MQW active layer 14b, the clad layer 16, the 
clad layer 17 and the cap layer 18a, 18b are sequentially 
formed on a substrate 10 of InP. 

Next, the cap layer 18a, 18b, the clad layers 17, 16, 
the MQW active layer 14b, the MQW light absorption layer 
14a, the guide layer 12 and the substrate 10 are 
mesa-etched. Then, the high resistance buried layer 30 of 
InP is formed on both sides of the mesa. 

Next, the cap layer 18a, 18b is patterned to be 
isolated by the isolation region 22. 

Then, the silicon oxide film 32 of a 300 nm-thickness 
is formed on the entire surface by CVD (Chemical Vapor 
Deposition). Then, the silicon nitride film 34 of a 200 
nm-thickness is formed on the silicon oxide film 32 by CVD. 

Next, the polyimide layer 36 is formed on the entire 
surface of the silicon nitride film 34 by spin coating. 
Next, the polyimide layer 36 is solidified by a heat 
treatment of about 400 °C. Thus the polyimide layer 36 of 
an about 2 pm-thickness is formed (see FIG. 3A). 

Then, the polyimide layer 36 is patterned into 
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cylindrical patterns by photolithography. A diameter of 
the cylinders may be, e*,g», 5 pm , and an interval between 
each cylinder and its adjacent one may be, e.g., 10 ]am. 
The polyimide layer 36 may be patterned by, dry etching 
using plasma discharge. An etching gas may be a mixed gas 
of CF^ gas and gas. One hundred, for example, cylinders 
of the polyimide layer 36 are formed in a 100 ]im x 100 ]am 
area near the bonding pad 24c (see FIG. 3B). 

Then, the silicon nitride film 38 is formed on the 
entire surface in a 300 nm- thickness by CVD (see FIG. 4A). 

Then, the polyimide layer 40 is formed on the entire 
surface by spin coating. In the present embodiment the 
polyimide layer 36 is formed in cylinders, which makes it 
difficult for the surface of the polyimide layer 40 to be 
uneven when the polyimide layer 40 is formed. The 
polyimide layer 40 can have the surface evened. Then, a 
heat treatment of about 400 °C to solidify the polyimide 
layer 40. The polyimide layer 40 has an about 100 
nm-thickness on the polyimide layer 36 in cylinders (see 
FIG. 4B). 

Then, the silicon nitride film 42 is formed on the 
entire surface in a 200 nm-thickness by CVD. 

Next, an opening which reaches the cap layers 18a, 18b 
(see FIG. 1) are formed. The opening is for connecting the 
electrodes 24a, 24c to the cap layer 18a, 18b. 

Then, as shown in FIG. 5, a 100 nm-thickness Ti film, 
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a 70 nm- thickness Pt film and a 500 nm-thickness Au film 
are sequentially formed on the silicon nitride film 42 by- 
vapor deposition to form the electrodes 24a, 24b and the 
bonding pads 24c, 24d of the Au/Pt/Ti film* Thus, the 
semiconductor light-emitting device according to the 
present embodiment is fabricated (see FIG* 5). 
(A First Modification) 

Then, a first modification of the semiconductor light- 
emitting device according to the present embodiment will be 
explained with reference to FIGs. 6A and 6B. FIG. 6A is a 
sectional view of the vicinity of the bonding pad. FIG. 6B 
is a plan view of the vicinity of the bonding pad of the 
semiconductor light-emitting device according to the 
present modification. In FIG. 6B some constituent members 
are omitted. 

As shown in FIGs. 6A and 6B, the semiconductor light- 
emitting device according to the present modification is 
characterized mainly in that the polyimide layer 35a is 
formed in quadrangular poles. 

In the present modification, when the polyimide layer 
36a is patterned, square patterns may be formed. In the 
semiconductor light-emitting device according to the 
present embodiment shown in FIG. 2 wherein the polyimide 
layer 35 is formed in cylinders, it is necessary to form 
circular patterns and etch the polyimide layer 36, but 
simply in the present modification quadrangular patterns 
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may be formed. In considera-bion of achievement: of pa-btern 
drawing apparatuses it is difficult to form micronized 
circular patterns, but it is easy to form micronized 
quadrangular patterns . 

Thus, the semiconductor light-emitting device 
according to the present modification can be micronized. 

(A Second Modification) 

Then, a second modification of the semiconductor 
light-emitting device according to the present embodiment 
will be explained with reference to FIGs. 7A and 7B. FIG. 
7A is a sectional view of the vicinity of the bonding pad 
of the semiconductor light-emitting device according to the 
present modification. FIG. 7B is a plan view of the 
vicinity of the bonding pad of the semiconductor light- 
emitting device according to the present modification. In 
FIG. 7B some constituent members are omitted. 

As shown in FIG. 7A, the semiconductor light-emitting 
device according to the present modification is 
characterized mainly in that the polyimide layer 36 is 
formed in hexagonal poles. 

In the present modification, because the polyimide 
layer 36b is formed in hexagonal poles, the sections of the 
silicon nitride film 38 along the substrate 10 are 
hexagonal. According to the present modification, the 
silicon nitride film 38 can have higher resistance to a 
force applied by the bonding. 
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[A Second Embodimeni:] 

The semiconductor light-emitting device according to 
a second embodiment of the present invention and the 
process for fabricating the same will be explained with 
reference to FIGs.SA to 11. FIG. 8 A is a sectional view of 
a vicinity of bonding pad of the semiconductor light- 
emitting device according to the present embodiment. FIG. 
8B is a plan view of a vicinity of bonding pad of the 
semiconductor light-emitting device according to the 
present embodiment. FIGs. 9 A to 11 are sectional views of 
the semiconductor light-emitting device according to the 
present embodiment in the steps of the process for 
fabricating the same, which show the process. The same 
members of the present embodiment as those of the 
semiconductor light-emitting device according to the first 
embodiment and the process for fabricating the same shown 
in FIGs. 1 to 7B are represented by the same reference 
numbers not to repeat or to simplify their explanation. 

The semiconductor light-emitting device according to 
the present embodiment is characterized mainly in that 
silicon nitride film 38 is formed on the inside walls of 
openings formed in a polyimide layer 36c. 

As shown in FIG . 8A , a plurality of the openings 44 
which reach the silicon nitride film 34 are formed in the 
polyimide layer 36c. A sectional shape of the openings 44 
along a substrate 10 is circular. 
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The silicon nitride film 38 is formed on the entire 
surface of the polyimide layer 36c with the openings 44 
thus formed in. The silicon nitride film 38 is formed also 
on the inside walls of the openings 44. Because the 
silicon nitride film 38 is formed on the inside walls of 
the openings 44, even when a strong force is applied to the 
bonding pad 24c, the polyimide layer 36c is prevented from 
being distorted* 

A polyimide layer 40 is formed on the entire surface 
of the silicon nitride film 38 • The polyimide layer 40 is 
buried in the openings 44 with the silicon nitride film 38 
formed on. On the polyimide layer 40 there are 

sequentially formed a silicon nitride film 42 and a bonding 
pad 24c. 

As described above, according to the present 
embodiment, because the silicon nitride film 38, the 
hardness of which is high, is formed on the inside walls of 
a plurality of openings 44 formed in the polyimide layer 
36c, even when a strong force is applied to the bonding pad 
24c by the bonding, the polyimide layer 36c is prevented 
from being distorted, whereby peeling of the bonding pad 
24c can be prevented. Because of the thick polyimide 
layers 36c, 40 formed below the bonding pad 24c, a 
parasitic capacity between the bonding pad 24c and the 
lower layer can be small, whereby radio- frequency signals 
can be used as the modulation signals. Thus, the 
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semiconductor light-emitting device according to the 
present embodiment can have modulation radio-frequencies. 

(Process for Fabricating the Semiconductor Light- 
emitting Device) 

Then, the process for fabricating the semiconductor 
light-emitting device according to the present embodiment 
will be explained with reference to FIGs. 9A to 11. 

The step of forming the silicon nitride film 34 and 
the steps up to the silicon nitride film forming step are 
the same as those of the process for fabricating the 
semiconductor light -emit ting device according to the first 
embodiment shown in FIG. 3A, and are not explained here. 

Following step of forming the silicon nitride film 34, 
the polyimide layer 36c is formed on the entire surface of 
the silicon nitride film 34 by spin coating. Then an about 
400 °C heat treatment is performed to solidify the 
polyimide layer 36c. Thus the polyimide layer 36c of an 
about 2 \xm thickness is formed (see FIG. 9A). 

Then the openings 44 which reach the silicon nitride 
film 34 are formed in the polyimide layer 36c by 
photolithography. A diameter of the openings 44 may be, 
e.g., 5 \im and may be spaced from each other by, e.g., 15 
]am. The openings 44 in the polyimide layer 36c may be 
formed by, e.g., dry etching using plasma discharges. An 
etching gas may be a mixed gas of CF^ gas and gas. Thus, 
49 openings, for example, are formed, e.g., a 100 \im x 100 
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\im range near the bonding pad 24c (see FIG. 9B). 
Preferably large openings 44 are formed in consideration of 
a surface tension of the polyimide so that the polyimide 
can intrudes without failure into the openings 44 in a 
later step. 

Then, the silicon nitride film 38 is formed in a 300 
nm thickness on the entire surface by CVD (see FIG. IDA). 

Then, the polyimide layer 40 is formed on the entire 
surface by spin coating, and the polyimide layer 40 is 
buried in the openings 44 with the silicon nitride film 38 
formed in. The polyimide layer 40 on the polyimide layer 
36c is below, e.g., 300 nm. Then, a heat treatment of 
about 400 °C is performed to solidify the polyimide layer 
40 (FIG. lOB). 

Then, the silicon nitride film 42 is formed in a 200 
nm thickness on the entire surface by CVD. 

Next, an opening which reaches the cap layers 18a, 18b 
(see FIG. 1) is formed. The opening is for connecting 
electrodes 24a, 24b to the cap layer 18a, 18b. 

Then, the electrodes 24a, 24b of an Au/Pt/Ti film and 
the bonding pads 24c, 24d are formed on the silicon nitride 
film 42 by vapor deposition in the same way as in the first 
embodiment. Thus, the semiconductor light-emitting device 
according to the present embodiment is fabricated. 

(A First Modification) 

Then, the semiconductor light-emitting device 
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according to a first modification of the present embodiment 
will be explained with reference to FIGs. 12A and 12B* 
FIG, 12A is a sectional view of a vicinity of the bonding 
pad of the semiconductor light-emitting device according to 
the present modification* FIG, 12B is a plan view of the 
vicinity of the bonding pad of the semiconductor light- 
emitting device according to the present modification. 

The semiconductor light-emitting device according to 
the present modification is characterized in that the 
openings 44a are quadrangular. 

In the present modification, when the polyimide layer 
36d is patterned, quadrangular patterns may be formed. In 
the semiconductor light-emitting device according to the 
present embodiment shown in FIG. 8 wherein the polyimide 
layer 36c is formed in cylinders, it is necessary to form 
circular patterns and etch the polyimide layer 36c, but 
simply in the present modification quadrangular patterns 
may be formed. In consideration of achievement of pattern 
drawing apparatuses it is difficult to form micronized 
circular patterns, but it is easy to form micronized 
quadrangular patterns. 

Thus, the semiconductor light-emitting device 
according to the present modification can be micronized. 

(A second Modification) 

Then, the semiconductor light-emitting device 
according to a second modification of the present 
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embodiment will be explained with reference to FIG* 13* 
FIG, 13 is a plan view of the vicinity of the bonding pad 
of the semiconductor light-emitting device according to the 
present modification. In FIG. 13 some members are not 
shown • 

As shown in FIG- 13, the semiconductor light-emitting 
device according to the present modification is 
characterized mainly in that the openings 44b are formed in 
hexagonal poles. 

In the present modification the openings 44b are 
formed in hexagonal poles, and the sections of the silicon 
nitride film 38 along the substrate 10 are hexagonal. 
Accordingly the silicon nitride film 38 can have higher 
resistance to a force applied by the bonding. 
[Modifications] 

The present intention is not limited to the 
above-described embodiment and can cover various 
modifications. 

For example, in the first and the second embodiments 
the silicon nitride film 38 is formed on the entire 
surface, but the silicon nitride film 38 may be formed at 
least on the side walls of the polyimide layers 36 to 36e. 
The silicon nitride film 38 may be formed at least on the 
side walls of the polyimide layers 36 to 36e, whereby the 
polyimide layers 36 to 36e are prevented from being 
distorted upon the bonding. 
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A film formed on the side walls of the polyimide 
layers 36 to 36b is silicon nitride film in the first 
embodiment but is not essentially silicon nitride film. 
The film may be any film having high hardness, e*g., a 
silicon oxide film, an aluminum oxide film, a polysilicon 
film or others, as long as the film can prevent from the 
polyimide layers 36 to 36b from being distorted upon the 
bonding . 

In the second embodiment, silicon nitride film is 
unessentially formed on the inside walls of the openings 44 
to 44b, but is not essential. Any film having high 
hardness, such as silicon oxide film, aluminum oxide film, 
polysilicon film or others, may be formed as long as the 
film can prevent the polyimide layers 36c to 36e from being 
distorted upon the bonding. 

The first and the second embodiments have been 
explained by means of the semiconductor light-emitting 
device including the modulator region and the DFB laser 
region isolated from each other. The present invention may 
be applicable to a semiconductor light-emitting device 
including the modulator region which is not isolated. In 
such case the above-described polyimide layers are formed 
below the bonding pad formed in the DFB laser region. 

In the first and the second embodiments polyimide 
layers are formed below the bonding pad, but the present 
invention is applicable to a case wherein polyimide layer 
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is formed below electrodes for flip chip bonding in place 
of the bonding pad. In this case the electrodes may be 
formed not only on a part of the substrate but also on the 
entire surface, and the above-described polyimide layers 
may be formed below the electrode formed on the entire 
surface* 
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WHAT IS CLAIMED IS: 



1 . An electrode struc-bure including a conductive 
film formed on a base substrate through an insulation film, 

the insulation film comprising a plurality of poles of 
polyimide, a first film formed on side surfaces of the 
poles and formed of an insulation material having a higher 
hardness than polyimide, and a second film of polyimide 
buried among said a plurality of poles with the first film 
formed on the side surfaces thereof. 

2. An electrode structure including a conductive 
film formed on a base substrate through an insulation film, 

the insulation film comprising a first film of 
polyimide having a plurality of openings which reach the 
base substrate, a second film formed on inside walls of the 
openings and formed of an insulation material having a 
higher hardness than polyimide, and a plurality of poles of 
polyimide buried in the openings with the second film 
formed on the inside walls thereof* 

3. A semiconductor light-emitting device having an 
electrode structure including a conductive film formed on 
a base substrate through an insulation film, 

the insulation film comprising a plurality of poles of 
polyimide, a first film formed on side surfaces of the 
poles and formed of an insulation material having a higher 
hardness than polyimide, and a second film of polyimide 
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buried among said a plurality of poles with the first film 
formed on side surfaces thereof. 

4. A semiconductor light-emitting device according 
to claim 3^ wherein 

the first film is also formed on upper surfaces of the 
poles. 

5. A semiconductor light-emitting device having an 
electrode structure including a conductive film formed on 
a base substrate through an insulation film, 

the insulation film comprising a first film of 
polyimide having a plurality of openings which reach the 
base substrate, a second film formed on inside walls of the 
openings and formed of an insulation material having a 
higher hardness than polyimide, and a plurality of poles of 
polyimide buried in the openings with the second film 
formed on the inside walls thereof. 

6. A semiconductor light-emitting device according 
to claim 5 , wherein 

the second film is also formed on upper surfaces of 
the first film. 

7. A semiconductor light-emitting device according 
to any one of claim 3, wherein 

the conductive film is formed on the insulation film 
through a third film of an insulation material. 

8. A semiconductor light-emitting device according 
to any one of claim 5, wherein 
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the conductive film is formed on the insulation film 
through a third film of an insulation material • 

9. A semiconductor light-emitting device according 
to any one of claim 3, wherein 

the conducting film is a bonding pad. 

10. A semiconductor light-emitting device according 
to any one of claim 5^ wherein 

the conducting film is a bonding pad. 

11. A semiconductor light-emitting device according 
to any one of claim 3, wherein 

the insulation film is formed on a layer formed on the 
base substrate and formed of a material having a higher 
hardness than the polyimide. 

12. A semiconductor light-emitting device according 
to any one of claim 5, wherein 

the insulation film is formed on a layer formed on the 
base substrate and formed of a material having a higher 
hardness than the polyimide. 

13. A semiconductor light-emitting device including 
a waveguide, a lower electrode formed below the waveguide, 
and an upper electrode formed above the waveguide, 

the upper electrode having an electrode structure 
according to claim 1 . 

14. A semiconductor light-emitting device including 
a waveguide, a lower electrode formed below the waveguide, 
and an upper electrode formed above the waveguide, 

- 31 - 



the upper electrode having an electrode structure 
according to claim 2. 

15. A semiconductor light-emitting device according 
to claim 13, further comprising 

a high resistance layer formed on a side of the 
waveguide ; and 

an electrode structure according to claim 1 formed on 
the high resistance layer. 

16. A semiconductor light-emitting device according 
to claim 14, further comprising 

a high resistance layer formed on a side of the 
waveguide ; and 

an electrode structure according to claim 2 formed on 
the high resistance layer. 

17. A process for fabricating an electrode structure 
including a step of forming an insulation film on a base 
substrate, and a step of forming a conductive film on the 
insulation film, 

the step of forming the insulation film comprising a 
step of forming a plurality of poles of polyimide on the 
base substrate, a step of forming on side surface of the 
poles a first film of an insulation material having a 
higher hardness than polyimide, and a step of burying a 
second film of polyimide among the first film. 

18. A process for fabricating an electrode structure 
including a step of forming an insulation film on a base 
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substrate and a step of forming a conductive film on the 
insulation film, 

the step of forming the insulation film comprising a 
step of forming on a base substrate a first film of 
polyimide having a plurality of openings which reach the 
base substrate, a second step of forming on inside walls of 
the openings a second film of an insulation material having 
a higher hardness than polyimide, and a step of forming a 
plurality of poles of polyimide buried in the openings with 
the second film formed on the inside walls thereof. 
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ABSTRACT OF THE DISCLOSURE 



An electrode structure includes a conductive film 24c 
formed on a base substrate 10 through an insulation film. 
The insulation film comprises a plurality of poles 36 of 
polyimide, a first film 38 formed on the side surfaces of 
the poles and formed of an insulation material of a high 
hardness than polyimide, and a second film 40 of polyimide 
buried among the plural poles with the first film formed on 
the side surfaces thereof ♦ Because of the first film of an 
insulation material having high hardness formed on the side 
surfaces of the poles of polyimide, even when a strong 
force is applied upon the bonding, the poles are prevented 
from being distorted, and the conductive film is protected 
from peeling off. Because of the thick polyimide layer 
below the conductive film, a parasitic capacity between the 
conductive film and the lower layer can be small, whereby 
radio- frequency signals can be used. 



- 34 - 



1/14 



FIG.l 




2/14 



nG.2A 




3/14 



FIG.3A 



irl 

m 
m 

m 

ru 
a 

CO 



-36 

'34 
-32 

-30 



-10 

-8 



36 

4- 



FIG.3B 

36 36 36 
-U r4n ri- 



se 

4- 



4/14 



FIG.4A 



36 36 36 36 



36 



o 
y3 
4= 

m 
m 

m 
m 

ru 

Q 

m 



FIG.4B 



36 36 



36 36 



36 



-38 
-34 
-32 

-30 



-10 
-8 



-40 
-38 



5/14 



FIG.5 



iC3 

m 

Ul 

y 
1=- 



36 



36 



36 36 



36 



-24c 

■-42 

-40 

^38 
-34 
^32 

-30 



ru 
a 

CO 

a 



-10 
-8 



6/14 



FIG.6A 



-q— 24c 



36a 36a 36a 36a 36a 



42 
40 

38 
34 
32 

30 



10 

■8 



FIG.6B 



7/14 




8/14 



FIG.8A 



36c 



36c 36c 36c 



36c ^ 



24c 



-42 

-40 

■38 

-36c 

'34 

-32 

'30 



-10 

-8 



FIG.8B 




9/14 



FIG.9A 



a 

in 
m 
m 
y 

ru 

Q 

m 



~36c 

'34 
-32 

'30 

'10 

'8 



FIG.9B 



36c 44 36c 44 36c 44 36c 44 36c 44 



-36c 

'34 
-32 

'30 



-10 

-8 



10/14 



FIG.IOA 



36c 36c 36c 36c 36c 44 
U 4;, )^38 



~36c 

-34 
-32 

'30 



-10 
-8 



FIG.lOB 



36c 36c 36c 36c 36c 44 



h 



-40 

-38 
-36c 

-34 



11/14 



FIG. 11 



36c 



36c 36c 36c 



o 
ir! 

m 
m 

hi 

LA 

ru 

Q 

m 



36c 24c 




-30 

•10 

-8 



12/14 



FIG.12A 



36d 36d 36d 36d 36d 44a 



3_^42 
-40 
-38 
-36d 
'34 
N32 

'30 



-10 
■8 



FIG.12B 



44a 



^38 
-40 

■36d 



13/14 



FIG. 13 



44b 




14/14 



FIG. 14 



a 

ya 
H= 
irl 

m 
m 

hi 

I- 

1=* 
ry 
a 

CO 



•124 

-138 

-136 



•134 
•110 



Docket No.^. 



ARMSTRONG, WESTERMAN, HATTORI, McLELAND & NAUGHTON 





Declaration and Power of Attorney for U.S. Patent AppKcation 










Japanese Language Declaration 












As a below named inventor, I hereby declare that: 




tern. ^ 


My residence, post office address and citizenship are as stated 
next to my name. 


1 




1 believe 1 am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 


I 




ELECTRODE STRUCTURE, PROCESS FOR 

FABRICATING ELECTRODE STRUCTURE 

AND SEMICONDUCTOR LIGHT-EMITTING 
DEVICE 

the specification of which is attached hereto untess the following 
box is checked: 


1 




{ 1 was fiied on 

as United States Application Number or 

Of^*r Inf Amaf innal Armli/^aftnn Mltmhaf 

> 1 iiKcrnaiiunai Mppiicaiion numocr 

and was amended on 
(if applicable). 






1 hereby state that i have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 






1 acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 



Page 1 of 5 



Docket No. 



(cont'd.) ARMSTRONG, WESTERMAN, HATTORI, McLELAND & NAUGHTON 



Japanese Language Declaration 



Prior Foreign Application(s) 

ii-7^snn/iQQ9 Jap^fi 

(Number) (Country) 



(Number) (Country) 

^3 5^-7fell?S^l 1 9^(e)3?^{c^V^TT^H(7:>7fe 

[1 # 1^ m J?:f ^ ix It^l ^ c ±^ ^ ^ ^ l i-. 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-{d) or 3S5(b) of any foreign application(s) for patent 
or inventor's certificate, or 3S5{a) of any POT International 
application which designated at least one country other than the 
United States, !isted below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or POT international application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

March 18, 1999 

(Day/Month/Year Filed) ° 



(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35. United States Code, 
Section 11d(e) of any United States provisional appUcation(s) listed 
below. 



(Application No.) 
(ttiJ^#-^) 



(Filing Date) 



m 1 my.'^tn^mjj^'^xm'^:^^ti:^^^x^ni-^^m^ 
x-^s^^rz^:^'i^^a:>4{mcmi'^m%^::^^mz'ov^xm 



(Application No.; 
(.T.J^#-^) 



(Application No.) 
(iSJ^^^) 



(Filing Date) 
(.T.^IB) 

(Filing Date) 



(Application No,) 



(Filing Date) 



t hereby claim the benefit under Title 35, United States Code. 
Section 120 of any United States appncation(s). or3$5(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35. United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 

(Status: Patented, Pending, Abandoned) 
(Status Patented. Pending, Abandoned) 



izm'<^mr-±xM%x;h^^tf^\:.x^-'jzt. $ (o 



! hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by Hne or 
imprisonment, or both, under Section 1001 of Title *18 of the 
United Slates Code and that such willful false st:.''jments may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of 5 



Docket No. 



(cont'd,) ARMSTRONG, WESTERMAN, HATTORI, McLELAND & NAUGHTON 



Japanese Language Declaration 



POWER OF ATTORNEY; As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (fist name and registration number) 
See list of attorneys and/or agents on page 5. 



Send Correspondence to: 

ARMSTRONG, WESTERMAN, HATTORI, 

McLELAND & NAUGHTON 
1725 K Street, N.W., Suite 1000 
Washington, D.C. 20006 



Direct Telephone Cails to; {name and telephone number) 



Telephone: (202) 659-2930 Fax: (202) 887-0357 



Fuii name of sole or first inventor 



Inventor's signature Date 

i B^O U^Sa M. November 



Residence 



^p^mf^ Ac; Vc^^t Offinf^, Address 



mm 



Citizenship 

Japanese 



Post Office Address 

c/o Fujitsu Quantum Devices Limit ed 



199 



1000 Kamisukiawara, Oaza, Showa-cho, Nakakoma-gun, 
YrimanriRhi -k^n 4Q9--3883 Japan 



Full name of second joint inventor, if any 

Shinichi Domoto 



Second inventor's signature 



Date 

November 2 4 , 



Residence 

Same As Post Office Address 



mm 



Citizenship 

Japanese 



Post Office Address 

c/o Fujitsu Quantum Devices Limite d 



1 000 Kamisukiawara^ Oaza, , Showa-cho, Nakakqma 
Yamanashi-ken 409-3003 Japan 



1 999 



— i'^^<?5^*^[S! 5|D^J^-|C^V ^T olujI^ctwsSifiL , iSri" (Supply similar information and signature for third and subsequent 

^ i ) joint inventors.) 



-gun 



Page 3 of 5 



Docket No. 



. (cont'd.) ARMSTRONG. WESTERMAN, HATTORI, McLELAND & NAUGHTON 









FuU nama of third joint Invantor, tf any 

Nobuinasa Okada 








Third inventor's stgnature , Date 








Residence 

Same As Post Office Address 








Citizensfiip 

Japanese 








Post Office Address 

c/o Fujitsu Quantum Devices Limi 




1000 Kamisukiawara, Oaza, Showa-cho, Naki 
Yamanashi-ken 409-3883 Japan 








Full nama of fourth joUrt imremor, Jf any 








Fourth Inventor's signature Date 








Residence 








Cttizenship 


I ; f. 






Post Office Address 












FuU nama of fifth jotnt Inventor, If any 


: ': r 






Fifth Inventor's signattm Date 




mm 




Residence 


i fi 


mn 




Citizenship 








Post Office Address 












Full nama of sixth Jofcrt Inventor, If any 








Sixth Inventor's signature Date 








Residence 




mm 




Citizenship 








Post Office Address 







:e<l. 



999 



i-gun. 



Page 4 of 5 



No. 



(cont'd.) ARMSTRONG, WESTERMAN, HATTORI, McLELAND & NAUGHTON 



List of attorneys and/or agents 



James E. Armstrong, HI, Reg. No. 18,366; William F. Westerman, Reg. No. 29,988; Ken-Ichi 
Hattori, Reg. No. 32,861 ; Le-Nhung McLeland, Reg. No. 31 ,541 ; Ronald F. Naughton, 
Reg. No. 24,616; John R. Pagan, Reg. No. 18,069; William G. Kratz, Jr., Reg. No. 
22,631; James P. Welch, Reg. No. 17,379; Albert Tockman, Reg. No. 19,722; Mel 
R. Quintos, Reg. No. 31,898; Donald W. Hanson, Reg. No. 27,133; Stephen G. 
Adrian, Reg. No. 32,878; William L. Brooks, Reg. No. 34,129; John F. Carney, Reg. 
No. 20,276; Edward F. Welsh, Reg. No. 22,455; Patrick D. Muir, Reg. No. 37,403; 
Gay A. Spahn, Reg. No. 34,978; John P. Kong, Reg. No. 40,054; and Luke A. Kilyk, 
Reg. No. 33,251. 
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